Nitride-based ultraviolet metal-semiconductor-metal photodetectors with Ir/Pt and Ni/Au Schottky electrodes were fabricated. It was found that room-temperature effective Schottky barrier height was 0.79 eV for Ir/Pt on GaN. It was also found that we could achieve a 60 times smaller dark current and a 20 times larger photocurrent to dark current contrast ratio by using Ir/Pt contact electrodes. With a 5 V applied bias and an incident light wavelength of 350 nm, it was found that measured responsivity was 0. In recent years, III-nitride semiconductors have attracted much interest due to their excellent electrical and optical properties. Nitride-based optoelectronic devices, such as light emitting diodes ͑LEDs͒ 1,2 and laser diodes ͑LDs͒ 3,4 are also commercially available. These materials can also be used as ultraviolet ͑UV͒ photodetectors ͑PDs͒.
In recent years, III-nitride semiconductors have attracted much interest due to their excellent electrical and optical properties. Nitride-based optoelectronic devices, such as light emitting diodes ͑LEDs͒ 1,2 and laser diodes ͑LDs͒ 3, 4 are also commercially available. These materials can also be used as ultraviolet ͑UV͒ photodetectors ͑PDs͒. 5 Owing to their wide direct bandgap, superior radiation hardness, and high temperature resistance, nitride-based UV PDs are useful in both commercial and military applications. In the last few years, various types of nitride-based UV PDs have been demonstrated. [6] [7] [8] [9] Among them, metal-semiconductor-metal ͑MSM͒ PDs can be operated with high speed. The fabrication process of MSM PDs is also simple and compatible with field-effect transistor ͑FET͒ technology. 10 MSM PDs consist of inter-digitated Schottky contacts deposited on top of an active layer. To achieve highperformance MSM UV PDs, it is important to achieve a high Schottky barrier height at the metal-semiconductor interface. A large barrier height leads to small leakage current and high breakdown voltage which could result in improved photocurrent to dark current contrast ratio. To achieve a large Schottky barrier height on GaN, one can choose metals with high work functions, such as Pt ͑5.65 eV͒, 11 Ni ͑5.15 eV͒, 12 and Pd ͑5.12 eV͒. 13 However, many of these high work function metals are not stable at high temperatures. In other words, severe inter-diffusion often occurs at the metal-GaN interface when these high work function metals were used.
14 Previously, it has been reported that Iridium ͑Ir, 5.46 eV͒ could form thermally stable Schottky contact on AlGaN/GaN heterostructure. 15 GaN-based UV MSM PDs with IrO 2 and Schottky diodes with oxidized Ir/Ni Schottky contacts were also demonstrated. 16, 17 Compared with Ni, Pt is inert. Ir-Pt alloy is also stable and corrosion resistant. Therefore, in this paper, we report the fabrication of GaN-based UV MSM PDs with Ir/Pt Schottky electrodes. The optical and electrical properties of the fabricated PDs will also be discussed.
Experimental
Samples used in this study were all grown on c-face sapphire ͑0001͒ substrates by metallorganic chemical vapor deposition ͑MOCVD͒. 18, 19 The samples consisted of a 30 nm thick GaN nucleation layer grown at 600°C and a 2 m thick undoped GaN layer grown at 1050°C. Room-temperature electron concentration in the samples was ϳ10 17 cm −3 . Prior to contact deposition, the samples were dipped into a diluted hydrochloric acid water solution ͑HCl:H 2 O = 1:1͒ for 5 min to remove native oxide. Ir/Pt ͑10 nm/20 nm͒ contact electrodes ͑i.e., PD1͒ were subsequently deposited onto the samples by e-beam evaporation. Standard lithography and lift-off were then used for the fabrication of MSM PDs. The device consisted of two interdigitated contact electrodes. The finger sizes of the contact electrodes were 14 m wide and 100 m long with 6 m spacing. The active region of the fabricated PDs was 100 ϫ 114 m. For comparison, MSM PDs with conventional Ni/Au ͑10 nm/20 nm͒ Schottky contacts ͑i.e., PD2͒ were also fabricated. An HP 4145 semiconductor parameter analyzer was then used to measure current-voltage ͑I-V͒ characteristics of the fabricated PDs both in dark and under illumination. Spectra responses of the detectors were also measured. For spectral responsivity measurements, a 250 W Xe lamp and a monochromator were used. The monochromatic light, calibrated with UV-enhanced Si photodetectors and an optical power meter, was collimated onto the photodetectors by using an optical fiber. Figure 1 shows dark I-V characteristics of the MSM PDs measured at various temperatures. It can be seen clearly that dark currents measured from PD1 were smaller than those measured from PD2. With a 10 V applied bias, it was found that room-temperature dark leakage currents of PD1 and PD2 were 2.82 ϫ 10 −7 and 1.67 ϫ 10 −5 A, respectively. In other words, room-temperature dark current of PD1 was 60 times smaller than that of PD2. Using simple thermionic emission theory, 20 we can determine Schottky barrier heights from these curves. As shown in Table I , it was found that room-temperature effective Schottky barrier heights were 0.79 and 0.62 eV for the MSM PDs with Ir/Pt and Ni/Au, respectively. The much smaller dark leakage current observed from PD1 could thus be attributed to the larger Schottky barrier height between Ir/Pt and the underneath GaN. It is also possible that the metal-induced gap states ͑MIGS͒ was less pronounced on PD1 with Ir/Pt contact. 21, 22 Previously, it has been shown that the effective Schottky barrier height depends on temperature due to tunneling and other mechanisms. 23, 24 As shown in Table I , we found that the effective Schottky barrier height decreased by 10.4% for PD1 as we increased the temperature from 25 to 100°C. In contrast, the effective Schottky barrier height decreased by 12.9% for PD2. Such a result suggests that Ir/Pt contacts are more suitable for high-temperature applications as compared to the conventional Ni/Au contacts. Figure 2 shows photocurrents of the two fabricated MSM PDs. It was found that photocurrent measured from PD2 was slightly larger than that measured from PD1. Photocurrent to dark current contrast ratios can thus be determined from Fig. 1 and 2 . With a 5 V applied bias, it was found that photocurrent to dark current contrast ratios were 4.08 ϫ 10 3 and 1.78 ϫ 10 2 for PD1 and PD2, respectively. In other words, we could achieve more than 20 times larger photocurrent to dark current contrast ratio from the GaN MSM UV PD with Ir/Pt electrodes. Figure 3 shows spectral response of the two fabricated MSM PDs. It can be seen clearly that cut-off occurred at around 360 nm for both PDs. With a 5 V applied bias and an incident light wavelength of 350 nm, it was found that measured responsivities were 0.132 and 0.168 A/W for PD1 and PD2, respectively. Here, we define UV to visible rejection ratio as the responsivity measured at 350 nm divided by the responsivity measured at 450 nm. With such a definition, we found that UV to visible rejection ratios were 640 and 170, respectively, for PD1 and PD2. Such a result suggests Ir/Pt is potentially useful as the contact material of nitride-based photodetectors.
Results and Discussion

Conclusion
GaN-based UV MSM PDs with Ir/Pt and Ni/Au Schottky electrodes were fabricated. It was found that room-temperature effective Schottky barrier height was 0.79 eV for Ir/Pt on GaN. It was also found that we could achieve a 60 times smaller dark current and a 20 times larger photocurrent to dark current contrast ratio by using Ir/Pt contact electrodes. With a 5 V applied bias and an incident light wavelength of 350 nm, it was found that measured responsivity was 0.132 A/W for the MSM PD with Ir/Pt contact electrodes. 
